Introduction
This report summarizes discussion at the Roundtable on a National Framework for Risk Reduction and Manage ment held on November 15, 2006 , at the Cosmos Club in Washington, D.C. The Roundtable was co-sponsored by the U.S. Geological Survey (USGS), the Association of Ameri can Geographers (AAG), and The Wharton School, University of Pennsylvania. Comments made by speakers not affiliated with the USGS do not necessarily reflect the positions of the USGS.
The purpose of the day-long Roundtable was to bring together academic, business, and government leaders to advance a research agenda on improving decision-making to reduce and manage the risks of natural hazards. The Round table addressed predicted behavior and incentives at both the national and the local levels and sought to develop a research agenda to achieve the following broad goals:
• advancing the use of scientific information to reduce societal vulnerability and risk from hazards; and
• identifying how spatial data can most effectively enable and empower decision-making at the local, state, and national levels.
The Roundtable was organized into morning and after noon sessions with two panels each. The first morning session discussed the overarching issues of natural disasters and the incentives for using science-based data for decision-mak ing. The second session focused on National Flood Insurance and Mapping and the appropriate role of public intervention. After the second panel, the attendees convened for lunch with an address on societal vulnerability given by Susan Cutter, Carolina Distinguished Professor and Director of the Haz ards Research Lab at the University of South Carolina. After lunch, the third panel addressed lessons learned from natural disasters while the last panel-Identifying Data, Information, and Modeling Needs-discussed how spatial data and models enable decision-makers. Douglas Richardson, Executive Director of the AAG, welcomed conferees to the Cosmos Club, noting that it has long served as the site of important beginnings, including dur ing the early years of the USGS itself, and now for our current project. He briefly described the long tradition of hazards and vulnerability research in geography and noted the central role of new geographic technologies as a platform for enabling integrative and interdisciplinary approaches to natural hazards research and management.
Mark D. Myers, Director of the USGS, formally opened the Roundtable by calling upon the conferees to address cross-cutting societal issues from multiple perspectives. He emphasized the need for integrative thinking and collaborative approaches to risk management and preparedness. He noted that risk in our society is a multidimensional, multifaceted issue that needs to be broadly considered across multiple hazards, multiple levels of government and the private sector, and across natural and socioeconomic science disciplines. In summary, he stated that we need to expand our efforts to integrate natural science with social and economic information so that society can reduce and manage risk more effectively. Collaboration and partnerships between organizations such as the USGS, the AAG, and the Wharton School are a step in the right direction.
Susan Wachter, Richard B. Worley Professor of Finan cial Management at the Wharton School and Co-Director of the Institute for Urban Research at the University of Pennsyl vania, opened the morning sessions, noting that the American population had reached the 300-million mark within the past month and that in 30 years there may be an additional 100 mil lion people. She posed the question of where that growth will occur and to what extent emerging mega-regions will be in the Source: National Research Council path of hazards. She also pointed to the role of local govern ments in land-use decisions and in mitigating vulnerability to hazards and the societal need for science-based decision-mak ing. Future vulnerability to hazards is a direct consequence of the decisions we make today. While citizens bear the brunt of losses in disasters, it is often because of the difficulty of coor dinating effective decision-making across localities, a neces sity if consequences extend beyond jurisdictions. Deploy ing spatial data and spatially-based information are key to informing decisions that by their very nature must incorporate multiple levels of government and many jurisdictions.
Finally, Wachter set the stage for the Roundtable by put ting forth the need for a broad strategic approach that encom passes both hazard research and disaster research, as seen in the following figure: Breakfast Address: Katrina-One Year Later P. Patrick Leahy, USGS Associate Director for Geol ogy, discussed the importance of linking science with policy and the challenge of advancing the effective use of scientific information in societal decisions in the context of Katrina. In his chapter in the recently published book, Rebuilding Urban Places after Disaster, Leahy emphasized the need for the sci entific community to focus on the fundamental issues relating to understanding hazard processes and the spatial and temporal likelihood of hazard events occurring. However, Leahy pointed out that the usefulness of this information depends on our ability to combine physical understanding of the hazard with knowledge and information about our societal vulnerability to the hazard and the resulting risk. To accomplish this, we need to conduct research on combining and integrating physical and socioeconomic investigations and models. Leahy emphasized the need to develop tools and methods to more effectively use physical science with information on societal vulnerability and risk. It is important to bring together, in venues like this Roundtable, experts in different disciplines from academia, government, and the private sector to jointly consider a com mon research agenda to reduce and manage risk from natural hazards.
Panel I: Natural Disasters, Land Use, and Incentives
The first panel discussed how federal disaster relief and subsidized insurance affect incentives for land use and what the public and private sector roles are for insurance provision. The panelists also conferred on how insurance and incentives affect the use of scientific information. The panel consisted of Rutherford Platt, from the University of Massachusetts, Arthur Nelson, from Virginia Tech, Kent Smetters, from the Univer sity of Pennsylvania, and Lucile Jones, from the USGS.
Rutherford Platt pointed out that 90 percent of disasters are due to floods. He stressed the need for local action and called for revisiting federal disaster assistance programs that contain, he believes, self-defeating components. In his view, summarized in the diagram below, the unintended effects of the National Flood Insurance Plan and disaster relief have encouraged development in flood prone areas. He concluded with the point that the federal government needs to redirect its policies to encouraging better decision-making going forward.
Kent Smetters outlined three arguments for government intervention in markets to respond to disasters. Government cannot credibly commit to bailing out citizens in the face of a natural disaster, thus undermining the incentives for com munities not to encourage development. He also pointed to the need for government to complement private markets because the harm of natural disasters goes beyond losses to individuals and individual communities. Losses from disasters under mine neighborhoods and have impacts on regional econo mies. Individuals' decisions not to ensure themselves have wider societal consequences. Smetters also noted that private markets cannot share risks with future generations. Nonethe less, he observed that the economic answer to these potential market failures is to mandate insurance coverage for all. In riskier locations, insurance fees would be higher. However, mandatory coverage, by definition would not occur without government mandates. Moreover, there are already regulations in place requiring select homeowners to have insurance, but they are not enforced.
Arthur C. Nelson discussed the challenges of disaster planning by local governments. He pointed to the challenges that will continue to grow due to the desirability of living in risky areas near coasts. Local governments need to act either to steer people away from risky areas or to require building standards appropriate to the risk in the building code. Local governments may not be in the best position to carry through on these since their incentives are to encourage development since the benefits of development accrue to them in the form of increases to the local tax base. On the other hand, as it stands today, the costs of development in the path of hazards accrue to others; local governments are not responsible for covering residents' losses. As a result, it is unlikely that many local governments on their own will strictly enforce a halt to development in disaster prone areas. Devising solutions to this misalignment of incentives, which stands in the way of science-based decisions, would require bringing together the science of natural disasters with the social science of political decision-making.
Lucile Jones described her ongoing work with the Earth quake Country Alliance (ECA), an agency that works to edu cate California communities about earthquake risk and disaster preparedness. She focused on our inability (as a society) to prepare for really big disasters. For example, we tend to plan for quakes on the scale of the 1994 Northridge earthquake, which lasted for only 7 seconds. However, an 8.0 magnitude quake, lasting two minutes and spanning a 250-mile fault line, would likely produce devastation across a wide area, affecting multiple counties. A secondary failure, such as the concur rence of intense Santa Ana winds, could make the outcome of such a quake truly catastrophic, on the order of Hurricane Katrina. Jones also discussed the complexity of big disasters, noting that systematic failure is likely, largely due to externali ties. For example, a business' mitigation decision affects both that business and the surrounding community. This interdepen dence is reflected in ECA's motto: "We're all in this together." Jones also discussed deficiencies in our building codes and regulations, which do not attempt to build in resiliency, only to prevent immediate harm. She noted that a new law is likely to be introduced in California that would require a safety rating system for schools, although it is uncertain whether the legis lation would be adopted. The pending legislation would likely have the most impact on community colleges, which, in Cali fornia, are typically not constructed according to the stringent standards applied to elementary and secondary schools.
The ECA is currently preparing simulations of scenarios that would occur in the wake of a big earthquake centered on the southernmost portion of the San Andreas Fault, which is the most likely site of a major quake. In conjunction with ECA's "Dare to Prepare 2007" campaign, the scenarios will be used to educate people about risk and discuss the implications for community preparedness. ECA hopes that the vivid sce narios will help to translate hazard data derived from scientific models into images that people can more easily comprehend and respond to. The recurring theme of the panel was the failure of the National Flood Insurance Program (NFIP) to live up to its original mandate to provide protection from flood hazards, largely due to administrative and structural problems. The most significant problems identified included a subsidized rate structure that is not based on actuarial risk, and outdated flood plain maps that tend to contribute to more, rather than less, development within high risk floodways.
The devastation caused by the 1993 floods along the Mis sissippi River prompted groups such as the NWF to lobby the Office of Management and Budget for mitigation grants that would permit the acquisition of properties in the flood plain, a measure that was eventually authorized in the 1994 Flood Insurance Reform Act. The reform measure was a start; how ever, it did not address the problem of repetitive loss proper ties. Although only constituting 2 percent of all NFIP claims, these repetitive-loss properties generate roughly 40 percent of losses under the program. Repetitive-loss properties eventually became the target of the 2004 Flood Insurance Reform Act, which authorized $90 million in funding for buyouts and other non-structural mitigation efforts.
The Gulf Coast hurricanes of 2005 left the NFIP over $20 billion in debt, highlighting the weaknesses of the program. In an attempt to both restore solvency to the NFIP and institute reforms that would help to prevent future insolvency, the Senate Banking Committee advanced S. 3589, also known as the Flood Insurance Reform and Modernization Act of 2006. The key reform of the proposed legislation is the elimination of rate subsidies for certain categories of "pre-FIRM" proper ties, including vacation homes, non-residential structures, and certain repetitive-loss properties. The bill would also fund the costs of mapping the 500-year flood plain, establish a reserve fund of approximately $2 billion to protect taxpayers from future losses, and raise the minimum deductible for pre-FIRM properties from $1,000 to $2,000.
The panel also considered the challenges in estimat ing flood risk. Despite numerous sources of data, there are significant challenges with modeling flood risk. Two central problems are:
(1) the problem of change-most models in use assume a stationary process; however rapid urbanization in formerly rural or natural areas can double the 100-year flood peak; and (2) the problem of uncertainty, which includes natural variability in flood events and parameter uncertainty.
For example, given the substantial variability in annual peak flows and the relatively wide confidence intervals associ ated with the data, what is termed a 100-year flood could just as easily be a 95-or 500-year event. To improve scientists' ability to accurately estimate flood risk, there was a call for more data, including more record sites and longer records.
There is also a need for better statistical models that would capture the dynamic nature of flood hazards.
FEMA is proceeding with its Map Modernization Program, which was funded under the 2004 Flood Insur ance Reform Act. This program will both update the existing FIRMs to increase accuracy, especially in the higher risk areas, and improve accessibility by making a number of products available online. FEMA is also seeking to create a National Flood Layer, which will be a vector-based GIS layer that can be used for querying and that localities can link up with their own data. FEMA is hoping that as local agencies and organi zations add information to the layer, they can make those data available to FEMA and thereby add value to the basic product. Multi-hazard mapping is another direction that FEMA may be moving toward in the near future. The key to vulnerability assessment is the understand ing of the nexus between social systems, natural systems, and the built environment. One of our greatest challenges in this endeavor is the lack of national standards for collecting disas ter data. There are disparities in the way we define disasters, their scale, and geography. In response, The University of South Carolina (USC) and others have devised Sheldus, the beginnings of a national loss inventory for the United States.
Today, Sheldus is a compilation of county-level hazard data sets for 18 different natural hazard events types, including thunderstorms, hurricanes, floods, wildfires, and tornadoes. For each event, the database includes the beginning date, loca tion (county and state), property losses, crop losses, injuries, and fatalities that affected each county. The data were derived from several existing national data sources, including the National Climatic Data Center's monthly Storm Data publica tions and the National Geophysical Data Center's Tsunami Event Database.
All the data used in the Sheldus application are available online at www.sheldus.org.
Societal factors play an important role in determining the distribution of risk. They can make some communities resil ient to disasters, while other communities can be vulnerable. USC and others are addressing these disparities and develop ing metrics to measure societal risk. The Social Vulnerability Index (SoVI) enables us to link losses and recovery indicators to social factors.
By understanding the root of disparities in vulnerability, we can think about ways we can assist communities fac ing risks and prepare them better for disasters. The interplay among social factors, disaster resilience, and recovery needs to be studied further. To do so, we need more integration among physical and social processes, models, and metrics, as well an inventory of disaster data. Besides knowing hazard geography, we need to work with communities to assist in making deci sions related to resiliency and disaster.
Panel III: Lessons Learned
The afternoon sessions began with a panel using cases to teach lessons learned from local experiences during disastrous events such as Katrina and the Southern California flood, and proposed ways for people and communities to plan for the "next one." Panelists included Denise Reed, University of New Orleans, Barbara Faga, EDAW, James Devine, USGS, and Jonathan Barnett, University of Pennsylvania.
Denise Reed shared the findings from a 2006 study prepared by a working group of scientists and stakeholders studying the Louisiana coast in light of Hurricane Katrina. The working group operated under two key principles. First, hur ricane protection can only be secured with a combination of levees and a sustainable coastal landscape. Second, the coastal area needs stronger inner defenses, such as barrier islands and wetlands, in order to be protected from future storm related damage. A visioning session conducted with a larger group of stakeholders in April 2006 came to the conclusion that a sustainable coastal Louisiana was possible, but bold action would be required. Such action could include (1) rerouting the Mississippi river, (2) abandoning the delta (the claw-like feature at the southernmost end), and (3) capturing up to 120 million tons of sediment just for coastal restoration.
In addition to the working-group study, both the Loui siana Coastal Protection and Restoration Authority and the U.S. Army Corps of Engineers are currently working on plans to save the Louisiana coast. These plans, all of which are expected to call for large scale action, will eventually require local will and federal authorization to move forward.
Barbara Faga presented a demonstration of a computer model that depicts the geographical origins of hurricanes that have made landfall in the United States from 1851-2004. The presentation illustrated the potential GIS-based visualiza tions to inform local decision-making and the public about the historical geographical patterns of storms and the location of areas most vulnerable to hurricane risk.
Jonathan Barnett offered a longer-run perspective that speculated on the potential impacts of climate change on major population centers along the East Coast, including such densely populated states as New Jersey and New York and cit ies such as Boston, Philadelphia, and Miami. The disaster scePanel III: Lessons Learned narios that could stem from a 1-foot rise in sea level could be truly catastrophic, largely due to a lack of preparedness, which is typical of low frequency/high consequence events. Long range planning is also lacking with respect to earthquake risk. While some cities that are aware of their risks (such as San Francisco and Memphis) have taken steps, others with lower but non-negligible risks have not. He called for a more sys tematic way of viewing the risk profile of the nation, through the creation of a national "atlas of risk," which federal officials could use in disaster planning and local decision-making. The issue of the incentives or the lack thereof was also discussed.
James Devine summed up the main points raised in the panel presentation by posing critical questions that we should take away from the discussion:
1. What hazards should we be addressing? There is a spec trum of disasters that vary by severity and by probability of occurrence. How much of the spectrum can we as a society accommodate?
2. How does our science get conveyed? Scientists tend to use graphical images ineffectively. They do not do a good job in communicating true risks for the general public.
3. How can we address the issue of vulnerability so that people can understand it? An example is provided in the increased exposure to risk presented by the loss of coastal lands. Adam Rose presented findings from research employ ing a computable general equilibrium model for use in loss estimation. The new approach represents an advance over the earlier input-output style, linear models by allowing for behavioral responses to disaster, both inherent (normal activi ties) and adaptive (ingenuity in the face of a crisis). Examples include input and import substitution, use of inventories, con servation, relocation, and production rescheduling. These are the kinds of activities that affect economic resilience, which Rose defined in the static context as the ability of a system to maintain function when shocked, and in the dynamic context as the speed of a system to recover from a shock. His work demonstrates that it is possible to both model and measure resilience and that increasing resilience is a low cost means of reducing disaster losses.
Richard Bernknopf spoke to the need to integrate infor mation from the natural sciences and social sciences to evalu ate and develop locally relevant, quantitative analyses for natu ral-hazard risk reduction. He presented examples of hazard mitigation planning in Memphis, TN where the community is considering the implementation of the International Building Code for earthquake hazards and in Squamish, British Colum bia, where local officials are contemplating constructing a new downtown area in a floodplain. The case studies illustrated the Source: Penn IUA range of spatial data that localities may desire and the kinds of constraints they face (including financial, planning and timing, and data uncertainty) in making decisions to implement lossreduction measures.
Monitoring technology can be important for local deci sion-making. For example, the application of satellite imagery can help in monitoring hazards and assist in planning for loss reduction. Because of the highly technical decisions involved in identifying the appropriate data resolution, the number of satellites employed, and the spectral bands that could be used in making policy choices, further research is necessary in this potentially important area.
Pedro Flores talked about the data needs of local govern ments and their experiences in accessing and using federal hazard data. Most counties tend to rely on their own data, largely due to scale issues that arise with federally assembled data, because counties utilize a larger scale of data. A sur vey of county officials revealed that more the 75 percent had natural hazard plans; that most collaboration by counties is regional and done on an informal basis; and that counties are incorporating GIS for hazard planning independently, but mostly reactively, for disaster response. There may be avenues for partnerships with federal agencies; however, often "part nership" to local officials means a one-way exchange, with counties giving away data and getting nothing back in return. Counties need to receive added value or some other compensa tion in order to improve data sharing and coordination across intergovernmental boundaries.
Hope Seligson provided a discussion of HAZUS-MH (multi-hazard), which is a software application for model ing natural hazard scenarios nationwide, developed by the National Institute of building Sciences for FEMA. The early versions of the software focused on earthquake risks; however, recent improvements have expanded the software to include floods and hurricane risk. The program can be used to estimate direct and indirect economic losses as well as population impacts, such as casualties and shelter requirements. How ever, users are advised to bring in their own data to get more meaningful results. where and when it is needed; understand the natural processes that produce hazards; develop hazard mitigation strategies and technologies; recognize and reduce vulnerability of interde pendent critical infrastructure; assess disaster resilience using standard methods; and promote risk-wise behavior. Applegate discussed the importance of the challenges in framing the issue of risk reduction and management and in providing an interagency, federal context for developing a research agenda.
Going Forward: Developing the Research Agenda
Robert Giegengack focused on the breadth of issues and scales to be considered in this effort: scales of space and time in developing a research agenda for natural hazards reduction. Giegengack pointed out that we can address hazards and disas ters through a continuum of responses: prediction, preven tion, compensation, and rebuilding. As we move through the continuum, action becomes more costly.
Arthur C. Nelson pointed out the scale of economic growth and development that is expected during the next century. Nelson emphasized the magnitude of development ahead, as the U.S. population is expected to reach 600 million people by 2106. Nelson stressed the importance of identifying appropriate pricing mechanisms to send the right signals to developers and consumers in areas subject to natural hazards.
William Hooke provided perspective on a research agenda by considering Mark Myers' observation that stake holders view risk reduction and management much differently than do scientists. Hooke also discussed Bob Hunter's sug gestion that research is needed on how to make a difference in policy. Hooke noted that losses from disasters are increas ing even with advances in the natural and social sciences and observed that this should provide context for considering a research agenda.
Susan Cutter summed up the symposium by identifying five major research needs that should be considered in devel oping a research agenda.
1. (1)The need for more basic and applied research in fill ing some of the knowledge gaps in the natural sciences, economics, engineering, and social sciences, particularly as it relates to the ability to predict disasters.
(2)
The need for spatially referenced data models and tools and a need for more research on the uncertainty of these models.
(3)
The need for the integration of social science, natural science, engineering, and economics.
4. (4)The need to communicate to the public and communi cate the risk to decision makers. 
Statement of Purpose
The Roundtable will bring together academic, business, and government leaders to advance a research agenda on improving decision-making to reduce and manage the risks of natural hazards. The Roundtable will address incentives and predicted behavior at both the national and the local levels, and seek to develop a research agenda to achieve the following broad goals:
• advancing the use of scientific information to reduce societal vulnerability and risk from hazards, and
The need for greater understanding in the effective use of data to prepare for and respond to natural hazard risk is critical. The past few years have provided a wake-up call to our nation's citizens regarding the world we inhabit. More than 27 major disasters were declared in the United States in the past year alone, ranging from earthquakes, landslides, and fires to hurricanes and floods. Every year, natural hazards that occur in the United States result in hundreds of lives lost and cost billions of dollars in the form of disaster aid, disrupted commerce, and destroyed public and private properties. Given expected population growth in high risk areas, such losses are likely to increase in the coming decades.
Scientific information is an important component in efforts to manage and reduce risk. Effective use of informa tion depends on the relationship among the hazard, societal vulnerability, and institutional factors that affect incentives and influence outcomes, as well as available risk reduction alterna tives (such as mitigation and resilience). It is important that these relationships be understood in order to determine what types, resolution, and formats of information can best be used to reduce risk. A move towards greater local resilience and proactive mitigation will increase the need for spatial informa tion on risk exposure.
The Roundtable will advance research on building a national risk framework that is spatially enabled and empow ers decision-making at the local, state, and national levels. It will also review the state of current knowledge to identify critical research directions that are needed to improve the availability and usefulness of spatial data, information, and risk modeling for the public good. 
Appendix

Jonathan Barnett
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